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abrogated the apoptotic effect of ETB. There was no incrementStreptococcal erythrogenic toxin B induces apoptosis and pro-
on leukocyte oxidative metabolism. Mononuclear leukocytesliferation in human leukocytes.
also showed elevated levels of proliferation when treated withBackground. Previous reports have shown the presence of
different concentrations (from 50 to 6.2 mg/mL) of streptococ-erythrogenic toxin type B (ETB), apoptosis, proliferation, and
cal proteins (Stimulation index ranging: ETBP, 5.6 6 1.9 toleukocyte infiltration in biopsies from patients with acute posts-
6.4 6 1.9; ETB, 9.9 6 2.8 to 13.9 6 3.8).treptococcal glomerulonephritis (APSGN).
Conclusions. These results delineate an additional pathwayMethods. Attempting to correlate the apoptotic and prolif-
for the pathogenesis of APSGN related to the role of cationicerative events with the interaction of ETB or its precursor
streptococcal ETB or ETBP on the induction of apoptosis and(ETBP) with leukocytes, mononuclear leukocytes from 12
proliferation during the course of the disease.healthy subjects were cultured with ETB or ETBP to analyze
the levels of apoptosis, proliferation, expression of modulatory
apoptosis gene products, and oxidative metabolism. After four
days of incubation, cells were assessed for apoptosis by mor- Acute poststreptococcal glomerulonephritis (APSGN)phological criteria, annexin V assay, and terminal deoxy trans-
is a diffuse proliferative endocapillary nephritis that oc-ferase uridine triphosphate nick end-labeling (TUNEL) assay.
curs in the convalescent period of a group A strepto-The expression of regulatory apoptosis genes was assessed by
relevant monoclonal antibodies; proliferation was by incorpo- coccal infection [1]. Previous studies indicate that the
ration of radioactive thymidine; and oxidative metabolism was streptococcal erythrogenic toxin type B (ETB) and its pre-
by oxidation of 29,79-dichlorofuorescein diacetate to 29,79- cursor (ETBP) could be involved in the pathogenesis ofdichlorofuorescein. Neutralization of Fas-L and cysteine prote-
APSGN. In this regard, ETB has been found in renal bi-ase activity of ETB were performed by incubation of ETB-
opsies from patients with APSGN, and APSGN sera reacttreated leukocyte cultures with anti-human Fas-L mAb or with
E64, respectively. preferentially with these streptococcal proteins [2–5]. How-
Results. Elevated levels of apoptosis in ETBP/ETB-treated ever, there is only one study [6] concerning the effect of
leukocytes were found when compared with controls: morpho- ETB or ETBP on the biology of infiltrating or intrinsiclogical criteria (P , 0.01), Annexin V (control, 5.01 6 0.61;
renal cells. We have previously reported increased apo-ETBP, 10.60 6 1.98%, P 5 0.0005), and TUNEL (control,
ptotic and proliferative events in the renal biopsies from12.5 6 2.6; ETBP, 20.56 6 3.06%, P 5 0.001; ETB, 30.69 6
5.05%, P 5 0.001). Increased expression of apoptosis was ac- patients with APSGN [7]. In addition, abnormal glomer-
companied by increased expression of Fas (control, 20.15 6 ular and interstitial leukocyte infiltrations have also been
5.28; ETBP, 43.51 6 5.6%, P 5 0.03; ETB, 47.16 6 5.54%, reported [8, 9]. The presence of streptococcal proteinsP 5 0.01), Fas ligand (control, 5.64 6 2.38; ETBP, 11.66 6
and infiltrating leukocytes, together with apoptotic and3.65%, P 5 0.04; ETB, 16.39 6 5.05%, P 5 0.02) and p53
proliferative events in the renal tissues, makes conceiv-products (control, 9.22 6 3.44; ETBP, 22.82 6 5.72%, P 5
0.01; ETB, 24.60 6 5.20%, P 5 0.01). Treatment of ETB- able that the interaction of ETB or ETBP with leuko-
leukocyte cultures with anti-human Fas-L exhibited 2.2-fold cytes in the renal microenvironment during APSGN could
lower apoptosis expression. Treatment with E64 significantly result in apoptosis and proliferation. In order to test that
hypothesis, we performed experiments to determine the
effect of ETB or ETBP on the apoptosis, proliferation,Key words: cell death, DNA fragmentation, streptococcal proteinase,
glomerulonephritis, phosphatidylserine. apoptosis gene expression, and oxidative metabolism of
human mononuclear leukocytes. Our findings demon-Received for publication January 25, 2000
strated that ETB and ETBP are capable of inducing apo-and in revised form September 19, 2000
Accepted for publication September 19, 2000 ptosis, proliferation, and increased cell death gene expres-
sion in cultured human mononuclear leukocytes.Ó 2001 by the International Society of Nephrology
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METHODS and ETB was 30 kD, pI 9.0. ETBP was exposed to iodo-
acetamide to avoid the autocatalytic transformation ofReagents
ETBP to ETB.
The ApoAlerte Annexin V-FITC kit and the Apop-
Tagt Fluorescein In Situ Apoptosis Detection Kit were Mononuclear leukocyte isolation
obtained from Clontech (Palo Alto, CA, USA) and from Blood was obtained from 12 healthy volunteers who
Oncor (Gaithersburg, MD, USA), respectively. Mono- had no history of APSGN and with normal seric titers of
clonal antibody (mAb) against human p53 tumor sup- antibodies antistreptococcal proteins (antistreptolysin O
pressor protein, mAb against human Bcl-2 protein, and and antideoxiribonuclease B). Human mononuclear leu-
mAb anti-human Fas ligand (NOK-1) were purchased kocytes were separated from heparinized venous blood
from Pharmigen (San Diego, CA, USA). Fluorescein by density-gradient centrifugation. Briefly, 10 mL of
(FITC)-conjugated F(ab9)2 fragment rat anti-mouse IgG blood were centrifuged, and plasma was replaced by the
was obtained from Accurate Chemical and Scientific same volume of RPMI 1640. Afterward, diluted blood
Corporation (Westbury, NY, USA). FITC-labeled anti- was overlaid onto Hystopaque 1.077 and centrifuged at
human Fas (CD95; clone UB2) was purchased from 400 3 g for 40 minutes at room temperature. The mono-
Oncor. Hystopaque 1.077, RPMI 1640, fetal bovine se- nuclear cells at the interface were harvested and washed
rum (FBS), and E64 (trans-epoxysuccinyl-L-leucylam- in RPMI 1640 three times. After washing, cells were
ido-4-guanidino butane) were from Sigma Chemical resuspended at 4 3 106 cells/mL in RPMI 1640 supple-
Corp. (St. Louis, MO, USA). Antistreptolysin O and mented with 10% FBS and used for experiments.
antideoxiribonuclease B kits were from Hyland Diagnos-
tics (Deerfield, IL, USA) and Wampole Laboratories In vitro incubation of mononuclear leukocytes with
(Cranbury, NJ, USA), respectively. 29,79-Dichlorofluo- ETB or ETBP
rescein diacetate (DCFH-DA) was obtained from Kodak Mononuclear leukocytes in RPMI 1640 containing
(Rochester, NY, USA). 10% of FBS were seeded into 96-well, round-bottomed
culture plates and stimulated with different concentra-Isolation of ETBP and ETB
tions of ETB or ETBP ranging from 50 to 6.2 mg/mL
The streptococcal ETB and its precursor (ETBP) were (final concentration). Leukocytes were 2 3 106 cells/mL
kindly donated by Dr. Arnold Vogt and Dr. Stephen in the final concentration culture. Cells were cultured
Batsford and were isolated as follows: Two b-hemolytic for four days at 378C in 5% CO2 atmosphere. Afterward,
group A streptococcal strains isolated from patients with cells were harvested and analyzed for apoptosis, cell
APSGN were used. The bacteria were kept on blood agar death gene product expression, and oxidative metabo-
at 48C and precultured in chemically defined medium lism (discussed later in this article). Controls represent
(CDM), pH 6.9, at 378C for six hours. Afterward, 20 mL cellular cultures under the same conditions but without
of bacterial culture were added to 180 mL of fresh CDM stimulation with streptococcal proteins. In additional ex-
and cultured until the culture was cloudy (about 6 hours). periments, mononuclear leukocytes were cultured with
Two hundred milliliters of the preculture were added to ETB (50 mg/mL) with or without anti-human Fas-L mAb
the main culture medium (800 mL of CDM and 1000 (NOK-1) at 1 mg/mL (final concentration), and after four
mL of Todd-Hewitt, 1% glucose, pH 6.9). Bacteria were days of incubation, apoptosis was assessed by terminal
cultured for several hours, and pH was maintained by deoxy transferase uridine triphosphate nick end-labeling
the addition of a solution of 0.5 N NaOH containing 50% (TUNEL) assay. In other experiments, cells were incu-
glucose. Then pH was reduced to 5.9, and the culture was bated with ETB (50 mg/mL) or ETB plus 40 mmol/L E64
left for a further 12 hours. pH was maintained with a (cysteine protease inhibitor; Sigma Chemical Co.), and
0.5 N NaOH solution containing 50% glucose. The cul- after 48 hours of incubation, apoptosis and cell perme-
ture was centrifuged (10,800 g 3 15 minutes), and the ability were determined by TUNEL assay and propidium
supernatant was sterile filtered, concentrated to a factor iodide staining, respectively.
of 1000 in an Amicon system using an YM-5 membrane,
Identification of apoptosisand finally run on a Mono S cation exchange column
(Pharmacia HR 5/5) in a FPLC system. The conditions Mononuclear leukocytes incubated under described
were as follows: pH 6.0, flow rate 1 mL/min, buffer gradi- conditions were harvested and assessed for apoptosis.
ent 3.5 to 250 mmol/L MES. The ETBP eluted before Apoptosis was determined by morphological criteria and
ETB and the fractions were tested in sodium dodecyl by annexin V and TUNEL assays.
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) Morphology. Cytocentrifuged cells were fixed in meth-
under nonreducing conditions. Then streptococcal anti- anol, stained with Giemsa, and examined by oil-immer-
gens were run in an isoelectric focus (IEF) to determine sion light microscopy at 31000 final magnification. At
least 500 cells per slide were analyzed. Apoptotic cellspI. Under these conditions, ETBP was 44 kD, pI 8.2,
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were identified according to the following criteria: con- well of 3H-thymidine. Cells were harvested on individual
filter disks, dried, and placed in 5 mL of scintillation fluid.densed and fragmented nuclei, blebbing of plasma mem-
brane, and decrease in cell size. Radioactivity was counted in a b scintillation counter to
determine the counts per minute. Control and experi-Annexin V assay. To determine the translocation to
the outer leaflet of the plasma membrane of phosphati- mental cultures were performed in triplicate, and data
were expressed as stimulation index: the ratio of thedylserine (PS), mononuclear leukocytes were incubated
with ApopAlert Annexin V-FITC Kit, according to the mean cpm of experimental cultures to the mean cpm of
control cultures (experimental/control).manual’s protocols. The assay is based in the ability of
Annexin V to bind to the PS on the cellular surface and
Oxidative burst assaythe capacity of propidium iodide to penetrate cells, which
have lost membrane integrity. Cells were quantitated by Oxidative burst was assessed according to the method
described by Bass et al [11]. Controls and ETB/ETBP-flow cytometry.
TUNEL assay. The method for nick end labeling of treated leukocyte cultures (2 3 106 cells/mL) in 96-well,
round-bottomed culture plates were incubated with aapoptotic cells was adapted from Gavrieli, Sherman,
and Ben-Sasson with a commercial kit (Oncor Inc.) [10]. solution of DCFH-DA in medium to give a final concen-
tration culture of 0.15 mmol/L. Cells were incubated forMononuclear leukocytes were incubated with Apop-
Tagt Fluorescein In Situ Apoptosis Detection Kit ac- 40 minutes at 378C with gentle agitation. Afterward, leu-
kocytes were washed and fixed in 2% formaldehyde–cording to the protocols of the manual. The assay is
based on the preferential binding of digoxigenin-dUTP PBS. Flow cytometric analysis was used to evaluate the
percentage of oxidized product 29, 79-dichlorofluoresceinby terminal deoxynucleotidyl transferase to 39 OH ends
of DNA. Afterward, an FITC-labeled antidigoxigenin (DCF)-positive cells.
antibody localizes the reaction sites. Cells were assessed
Statistical analysisby flow cytometry.
Results in the groups are shown as mean 6 SEM.
Determination of expression of apoptosis regulatory Comparisons between groups were done by paired non-
genes in human mononuclear leukocytes stimulated parametric test, and the association between variables
with ETBP and ETB was analyzed with linear correlation. Two-tailed P ,
0.05 was considered statistically significant.Erythrogenic toxin type B/ETBP-treated leukocyte cul-
tures and untreated cultures were harvested and washed
twice with phosphate-buffered saline (PBS). Afterward,
RESULTS
cells were divided into two groups: One group was fixed
Induction of apoptosis and proliferation on humanin 4% of paraformaldehyde for 15 minutes, washed, and
mononuclear leukocytes by ETB and ETBPincubated with FITC-labeled anti-human Fas mAb or
with anti-human Fas-L mAb for 30 minutes at room In the current study and based on the observation that
apoptosis and proliferation are a common features intemperature. The other group was fixed in 2% of forma-
lin for 10 minutes and stained with antihuman p53 mAb renal biopsies of patients with APSGN [7], it has been
demonstrated that stimulation of mononuclear leuko-or anti-human Bcl-2 mAb for 30 minutes at room tem-
perature. mAbs were used at concentration of 5 mg/mL. cytes with ETB or ETBP induced apoptosis and prolifer-
ation. The apoptotic effect of streptococcal proteins wasIndirect immunofluorescence was performed using an
FITC-conjugated F(ab9)2 fragment rat anti-mouse IgG readily identifiable by morphological criteria (Figs. 1 and
2). Elevated ETB-induced apoptotic effect was observed(15 mg/mL) for 30 minutes at room temperature. Con-
trols represent cells obtained under the same conditions when compared with the ETBP-apoptotic effect and
both ETBP and ETB-induced apoptosis in a dose-depen-but incubated with the same isotype mAbs against non-
relevant proteins. Cells were assessed by flow cytometry. dent manner (Fig. 1). Critical and widespread events in
apoptosis are the externalization of PS on the plasma
Proliferation assay membrane and the internucleosomal fragmentation of
DNA [10, 12, 13]. This study analyzed the presence ofSuspensions of mononuclear leukocytes were seeded
into 96-well round-bottomed tissue culture plates at a those events after stimulation of mononuclear leukocyte
cultures with 50 mg/mL of ETB or ETBP. As shown infinal concentration of 2 3 106 cells/mL in RPMI 1640
supplemented with 10% FBS. Cells were incubated with Figure 3, an increased number of Annexin V1 cells was
found when leukocyte cultures were treated with ETBP,doses of ETB or ETBP ranging from 50 to 6.2 mg/mL
(final concentrations) for four days at 378C in a 5% CO2 suggesting the presence of PS on the cell surface. How-
ever, an increased number of Annexin V1/propidiumatmosphere. Control cultures received supplemented me-
dium instead of streptococcal proteins. Eighteen hours iodide1 cells was observed when ETB was used to stimu-
late the cultures (Fig. 4), suggesting an alteration of mem-before day 4 of culture, cells were pulsed with 0.5 mCi/
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Fig. 1. Positive linear correlation between the degree of apoptosis (%)
and the streptococcal protein concentration (mg/mL). An enhanced Fig. 2. (a) Cytospin preparation from four days of untreated leukocyte
culture (3600). (b) Cytospin preparation from four days of ETB-treatedapoptosis expression was accompanied by a higher concentration of
ETBP (A, r 5 0.995, P 5 0.0004) and ETB (B, r 5 0.916, P 5 0.029). leukocyte culture showing apoptotic cells (arrows, 3600).
Each data point represents five individuals.
Figures 7 and 8, increased expression of p53, Fas, andbrane permeability. Both ETB and ETBP induced an
Fas-L was observed in ETB or ETBP-treated leukocytes.increased number of TUNEL-positive cells (Fig. 5), sug-
Figure 9 shows the relationship between number of p531gesting apoptotic DNA fragmentation. Treatment of
cells and Fas1 cells in ETBP/ETB-treated cultures.ETB cultures with E64 reduced significantly the expres-
There was a positive linear correlation (ETBP, r 5sion of propidium iodide-positive cells and TUNEL-pos-
0.6398, P 5 0.02; ETB, r 5 0.7546, P 5 0.004) betweenitive cells (Fig. 6).
those parameters. An unexpected result, the overexpres-Table 1 summarizes the values of proliferation of
sion of Bcl-2 protein, an apoptosis repressor, was ob-mononuclear leukocytes after stimulation with ETB or
served in ETB-treated leukocyte cultures (Fig. 7).ETBP. The proliferative response to ETB was higher
than the proliferation observed in cultures treated with
Effect of ETB and ETBP on the oxidative metabolism
ETBP. At concentrations ranging from 50 to 6.2 mg/mL,
of human mononuclear leukocytesthe proliferative effect of streptococcal proteins was not
Oxidative stress has been reported as a common medi-observed in a dose-dependent manner.
ator of apoptosis [16]; therefore, we decided to evaluate
Overexpression of products of cell death genes in the oxidative metabolism activity of mononuclear leuko-
mononuclear leukocytes treated with ETB and ETBP cytes through the oxidation of DCFH-DA to DCF when
stimulated with ETB or ETBP. Table 2 resumes the valuesSeveral genes with the ability to induce apoptosis have
of oxidative burst in leukocytes untreated and treated withbeen described [14, 15]. Since the products of p53, Fas,
streptococcal proteins. No significant differences were ob-and Fas ligand are from the most relevant genes in apo-
served in the oxidation of DCFH-DA to DCF betweenptosis, we determined the expression of those genes in
leukocytes stimulated with ETB or ETBP. As shown in cells from control and ETB/ETBP-treated cultures.
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Fig. 5. Effect of ETBP and ETB on apoptotic DNA fragmentation inFig. 3. Effect of erythrogenic toxin type B precursor (ETBP) and
mononuclear leukocytes. ETBP or ETB 5 50 mg/mL (N 5 12, *P 5erythrogenic toxin type B (ETB) on the externalization of phosphatidyl-
0.001).serine (PS) by mononuclear leukocytes. ETBP or ETB 5 50 mg/mL
(N 5 12, *P 5 0.0005).
and proliferation during the course of APSGN are not
well known. Streptococcus pyogenes produces several
extracellular proteins, including erythrogenic toxin B
(ETB), also known as streptococcal pyrogenic exotoxin
B and streptococcal proteinase. The role of streptococcal
ETB and ETBP in APSGN has been documented by
the increased reactivity to ETB and ETBP in APSGN
sera and by the presence of ETB in kidney biopsies
from patients with APSGN [2–5]. The presence of this
streptococcal protein in the renal microenvironment
makes conceivable the interaction between ETB or
ETBP with infiltrating or resident renal cells during
APSGN, leading to the expression of apoptotic and pro-
Fig. 4. Effect of ETBP and ETB on the membrane permeabilization
liferative events. Our results showed that the coculturein mononuclear leukocytes. ETBP or ETB 5 50 mg/mL (N 5 12, *P 5
0.0005). of ETB or ETBP with mononuclear human leukocytes
induces increased leukocyte apoptosis and proliferation
(Figs. 1–5 and Table 1). In addition, we have previously
demonstrated that the in vivo renal injection of ETB orEffect of anti-human Fas-L treatment on the apoptosis
ETBP in rats induced glomerular and interstitial leuko-of ETB-treated cultures
cyte infiltration mediated by chemotactic and MIF activi-
Figure 10 shows that about 2.2-fold lower apoptosis ties [6]. It is tempting to speculate that after leukocyte
expression was observed in ETB-leukocyte cultures attraction to the renal microenvironment, ETB/ETBP
treated with anti-Fas L mAb (NOK-1) as compared with could interact with leukocytes to address them to apopto-
untreated cultures. Antibody by itself did not modify the
sis and/or proliferation.
basal apoptosis expression.
A critical event during apoptosis appears to be the
acquisition of plasma membrane changes that allows
DISCUSSION phagocytes to engulf apoptotic cells. Phosphatidylserine
(PS) that is normally confined to the internal leaflet ofApoptosis is a mechanism of cellular death that has
the plasma membrane is externalized during apoptosisbeen demonstrated in several types of experimental and
[18–20]. PS exposure is an early event in apoptosis thathuman proliferative/inflammatory nephritides [17]. In-
precedes the nuclear changes and the loss of membranecreased expression of apoptosis correlated with in-
integrity by several hours [12]. In the present study, wecreased expression of proliferation has been demon-
observed that ETBP induced increased annexin V bind-strated in renal biopsies from patients with APSGN [7].
The mechanisms involved in the induction of apoptosis ing on mononuclear leukocytes, suggesting externaliza-
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Fig. 7. Induction of apoptosis modulatory gene products in mononu-
clear leukocytes by ETB. Symbols are: (h) control; ( ) ETB (ETB 5
50 mg/mL; N 5 12; *P 5 0.01; **P 5 0.02).
Fig. 6. Effect of cysteine protease inhibitor (E64) on ETB-induced
apoptosis and membrane permeability. Mononuclear leukocytes were
culture for 48 hours in medium alone, with ETB, with ETB plus E64,
or with E64. Membrane permeability was assessed by incorporation of
propidium iodide (A) and apoptosis by TUNEL assay (B; N 5 5, *P ,
Fig. 8. Induction of apoptosis modulatory gene products in mono-0.001).
nuclear leukocytes by ETBP. Symbols are: (h) control; ( ) ETBP
(ETBP 5 50 mg/mL; N 5 12; *P 5 0.032; **P 5 0.047; ***P 5 0.01).
Table 1. Proliferative effect of ETBP and ETB on peripheral
human mononuclear leukocytes
and increased permeability in ETB-treated leukocytes
ETB or ETBP lg/mL could facilitate the diffusion of active enzyme to the
Stimulus 50 25 12.5 6.2 cytosol with further apoptosis. ETB is a cysteine protease
that could induce apoptosis by a direct effect or by activa-ETBP 6.161.6a 6.461.9 6.262.0 5.661.9
ETB 9.962.8 11.763.3 12.163.5 13.963.8 tion of cytoplasmatic compounds like the caspases system
Data are mean 6 SEM. N 5 12. Abbreviations are: ETBP, erythrogenic toxin [21–23]. The addition of E64 (cysteine protease inhibitor)
type B precursor; ETB, erythrogenic toxin type B. to ETB-treated cultures showed decreased expression ofa Stimulation index
TUNEL1 cells and propidium iodide1 cells (Fig. 6), sug-
gesting that cysteine protease activity of ETB could be
involved in the apoptotic and membrane permeability
tion of PS (Fig. 3). Nevertheless, it was not possible to effects of ETB. In this regard, it has been documented
evaluate PS externalization on ETB-treated leukocytes that ETB was capable of inducing apoptosis in U937
since increased membrane permeabilization, as assessed human monocyte-like cells, and this ETB-induced apo-
by propidium iodide uptake, was observed (Fig. 4), but ptosis was inhibited by E64 [21].
these cells (annexin V/propidium-iodide positive) could The apoptotic signal of ETBP and ETB appears to
represent permeable apoptotic cells. The elevated induc- be mediated through overexpression of cell death gene
tion of apoptotic nuclear fragmentation found in ETB- products. Increased expressions of p53, Fas (CD95), and
treated leukocytes suggests that proposal (Fig. 5). In this Fas ligand were observed in ETBP/ETB-treated mono-
nuclear leukocytes (Figs. 7 and 8). p53 acts as a tumorregard, we speculate that the loss of membrane integrity
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Fig. 10. Apoptotic inhibitory effect after incubation of ETB leukocyte
cultures with antihuman Fas-L mAb. Apoptotic cells were determined
after four days of culture by TUNEL assay. Symbols are: (h) basal;
( ) ETB; ( ) ETB 1 anti-Fas-L; (j) anti-Fas-L; *P , 0.001.
same concentrations (Fig. 1 and Table 1), suggesting that
apoptosis is not merely a consequence of their mitogenic
potential but a distinct property of these proteins. An-
other potential and ubiquitous apoptotic signal arises
from autocrine and paracrine interactions between Fas
and Fas ligand, which exert no obvious direct effect on
cell proliferation [14]. This mechanism could play a role
in ETBP/ETB-induced apoptosis, since increased ex-
pression of both proteins was found in ETBP/ETB-
treated leukocyte cultures (Figs. 7 and 8) and decreased
apoptosis expression was found when ETB leukocytes
Fig. 9. Significant linear correlation between the expression of p53 and cultures were incubated with anti-human Fas-L mAb
Fas receptor in leukocytes treated with ETBP (A, r 5 0.640, P 5 0.025)
(Fig. 10). In this study, we also demonstrated a linearand ETB (B, r 5 0.755, P 5 0.004, N 5 12). (A) Only 11 closed circles
are shown because of overlapping values. correlation between the expression of p53 and Fas in
ETB/ETBP-treated cultures (Fig. 9). In this regard, acti-
vation of p53 can regulate sensitivity to apoptosis by
allowing cytoplasmic Fas receptor to redistribute to cellTable 2. Effect of ETBP and ETB on the oxidative burst activity
surface [15]. It is therefore likely that several mechanismsof peripheral human mononuclear leukocytes
could coexist on the ETBP/ETB-mediated apoptosis, in-
Stimulus % DCF positive cells
cluding induction of proliferative events with p53 activa-
ETBP 31.0267.30a tion, activation of Fas/Fas ligand system, and a directETB 20.72614.55a
effect of streptococcal proteins. As an unexpected find-Unstimulated 39.4867.91
ing, Bcl-2 was observed significantly overexpressed onOxidative burst was assessed by oxidation of DCFH-DA to DCF. Data are
mean 6 SEM. N 5 12. ETB-treated mononuclear leukocytes (Fig. 7). The Bcl-2
a Statistically not significant when compared with unstimulated cultures
protein can protect mononuclear leukocytes from apo-
ptosis induced by exposure to a wide variety of adverse
conditions and stimuli [25, 26]. We do not have a clear
explanation for this observation; however, it has beensuppressor by inducing both growth arrest and apoptosis
reported that Bcl-2 overexpression is not always corre-[13]. Since ETBP and ETB also induced leukocyte prolif-
lated with abrogation of apoptosis [27, 28], and in addi-eration (Table 1), their mitogenic effect could sensitize
tion, the increased expression of p53 and the Fas/FasLleukocytes to the apoptotic effect of p53. These coupled
system could be more relevant on the expression of apo-processes have been called the dual-signal model [24].
ptosis found in our experiments.However, apoptotic and mitogenic effects of ETBP or
In the current study, we found that cationic ETB andETB were not correlated. There was an apoptotic dose-
ETBP induced proliferation on mononuclear leukocytesdependent response when different streptococcal protein
from healthy donors. In this respect, ETB has been re-concentrations were used in leukocyte cultures, but we
found a mitogenic non–dose-dependent response at the ported to induce selective activation of human T cells
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